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Abstract 


In gamma-ray burst prompt emission, there is still no consistent conclusion if the precursor and main burst share 
the same origin. In this paper, we try to study this issue based on the relationship between pulse width and energy 
of the precursor and main burst. We systematically search the light curve data observed by Swift/BAT and Fermi/ 
GBM, and find 13 long bursts with well-structured precursors and main bursts. After fitting the precursor light 
curve of each different energy channel with the Norris function, we find that there is not only a power-law 
relationship between precursor width and energy, but also a power-law relationship between the ratio of the rising 
width to the decaying width and energy. By comparing the relationship between the precursors and the main burst 
pulses, we find that the distribution of the precursors and the relationship between the power-law indices are 
roughly the same as those of the main burst. In addition, it is found that the precursor width distribution as well as 
the upper limit of the pulse width ratio does not exceed 1 and both are asymmetric, which are also consistent with 
the main burst. These indicate that the precursor and the main burst are indistinguishable, and the precursor and the 
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main burst may have the same physical origin. 
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1. Introduction 


A gamma-ray burst (GRB) is a phenomenon in which the 
intensity of y-rays from a certain direction in the sky suddenly 
increases in a short period of time, and then rapidly weakens, 
lasting 0.1—1000 s, and the radiation is mainly concentrated in 
the energy band of 0.1-100 MeV. According to Тоо, GRBs can 
be divided into two types: long bursts when Тоо is more than 2 
s and short bursts when Тоо is less than 2 s. 

The main event of a GRB is prompt emission. Most theoretical 
models predict a weaker radiation event before the main event, 
which is called a precursor. Almost since the discovery of GRBs, 
the first case of GRB 720427 containing a precursor was 
observed with the high energy spectrometer installed on the 
Apollo 16 spacecraft (Metzger et al. 1974). Since this dark peak 
was ~3ø above the average background level and much fainter 
than the other peaks, it was called the "probable precursor" by 
Observers at that time and was considered a mystery because its 
origin could not be explained. 

Koshut et al. (1995) supplied the first definition of a precursor: 
the peak intensity of precursors is a little lower than that of the 
main burst and far away from the main GRB, the intensity of the 
separation phase (quiescent period) is equal to the background 
and the separation distance is not shorter than that of the main 
burst stage. They ascertained that ~3% of BATSE GRBs had 
precursors as of 1994 May. They found that these GRBs with 
precursors and other GRBs without precursors had the same 


spatial distribution; the duration of the precursors correlated with 
the duration of the main bursts. In addition, they identified no 
other significant connection between the precursors and the main 
bursts, suggesting that the precursors and the main GRBs may be 
independent of each other. Lazzati (2005) chose a bright long 
BATSE burst by defining the precursor as follows: first, it is 
required that the precursor be a radiation event detected before 
the trigger; second, the flux of this event is required to decrease 
before triggering, and searches for precursors 200 s are performed 
before the GRB is triggered. The precursor is characterized by a 
softer spectrum relative to the main burst, and the result is that 
there is no correlation between the precursor properties and those 
of the main bursts. Burlon et al. (2008) (hereafter B08) gave a 
simple definition: any peak flux is lower than the subsequent 
main burst and is separated from the main event by a quiescent 
period, which is not necessarily greater than the duration of the 
main burst radiation and does not necessarily precede the 
triggering event. With known redshifts of the precursors, the 
spectra of precursors were analyzed and compared with the time- 
integrated spectra of prompt emission. They found neither a 
correlation between the two slopes nor a tendency for the spectra 
of precursors to be harder or softer than the prompt spectra. It is 
also found that these properties do not depend on the quiescent 
period. After comparing the spectral indices of the precursor and 
the main burst, their results show that the precursor is not an 
independent phenomenon different from the main burst. Later, 
Burlon et al. (2009) found from 2704 BATSE observed bursts 
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Figure 1. Histogram for the distribution of X? in the total sample. 


that 12.596 of the BATSE bursts had one or more precursors. By 
the spectral analysis, they concluded that the fireball model 
mechanism of precursors and main bursts is supported. Troja 
et al. (2010) performed a precursor search for a sample of short 
bursts observed by Swift, and there were no strict constraints on 
whether the instrument was triggered or not and on the interval 
between the precursor and the main burst. After analyzing the 
temporal properties and images of the precursor and the main 
burst, they did not find any substantial difference between the 
precursor and the main burst, or between the short GRB with or 
without the precursor. Hu et al. (2014) selected a sample of 613 
joint observations by Burst Alert Telescope (BAT) and X-Ray 
Telescope (XRT) on Swift. They did not specifically require the 
definition of the precursor to having aquiescent time, and used the 
Bayesian block algorithm to search the GRB precursors observed 
by the Swift/BAT. Through analyzing the energy spectrum of 
precursors and main bursts, they found that the origin of 
precursors is consistent with that of main bursts. Charisi et al. 
(2015) searched for 2710 long bursts from the three instruments 
of BATSE, Swift/BAT, and Fermi/Gamma-ray Burst Monitor 
(GBM). They adopted the basic precursor definition and applied 
the methods used for gravitational wave analysis to identify 
precursors, main bursts, and post bursts. They found no 
correlation in the temporal properties (duration, peak flux, and 
number of photons) between the main bursts and the precursors. 
Zhu (2015) explored the properties of Fermi GRBs with 
precursors. The precursors they chose comprehensively took 
into account the methods used by previous researchers to define 
them and divided them into three categories for separate studies. 
They found that the physical origins of precursors and main 
bursts are different, and discussed the implications between the 
radiation model of GRB precursors and the observation of them. 
Zhang et al. (2018) reported a particularly bright GRB, GRB 
160625B, and found a possible different origin between the main 
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burst and the precursor by analyzing the time-resolved spectra of 
the precursor and the main burst. Zhong et al. (2019) extracted a 
sample of 18 short bursts with precursors from the 660 short 
bursts observed by Fermi and Swift, and performed temporal and 
energy spectrum analysis on this larger sample. They found that 
precursors and main bursts still exhibit some differences. Coppin 
et al. (2020) analyzed the observation data of Fermi/GBM for 11 
yr and ascertained that 217 bursts had precursors. They found that 
the duration of the quiescent interval exhibits a bimodal normal 
distribution, which indicates that these GRBs might have two 
different progenitor stars. Li et al. (2021) studied short burst data 
observed by Swift/BAT and focused on examining short burst 
events with simultaneous precursor, main burst and extended 
radiation, supporting that the three events originated from similar 
central engine activity. Recently, Li & Mao (2022) studied 52 
long bursts with precursors selected in the Third Swift BAT 
catalog. They systematically analyzed the temporal properties of 
precursors and main bursts and deduced that the precursor and 
the main burst follow the same 7,-w relationship. They indicated 
that the precursor and the main burst might have the same 
physical origin. Therefore, based on the above research progress, 
there is no unified conclusion as to whether the precursors and 
main bursts have the same origin or not. 

In early statistical analyses, light curves of GRB pulses were 
found to become narrower at higher energies (Fishman et al. 
1992; Link et al. 1993). Fenimore et al. (1995) used the average 
autocorrelation function to study the average pulse width and 
showed that the average pulse width of many bursts is well fitted 
by a power law of energy, with a power-law index of about —0.4. 
Norris et al. (1996) also found that the average pulse-shape 
dependence on energy is approximately a power law, consistent 
with the analysis of Fenimore et al. (1995). This was confirmed 
by later studies (Piro et al. 1998; Costa 1999; Nemiroff 2000; 
Norris et al. 2000; Feroci et al. 2001; Crew et al. 2003). Peng 
et al. (2006) (hereafter РОб) also confirmed this and demonstrated 
that there is a power-law relationship between the ratio of the 
rising width to the decaying width and energy. 

Since there is some evidence that the precursors and the main 
bursts may come from the same origin, we speculate that the 
width of precursors may also be power-law decreasing with 
energy. Thus, we investigate whether the precursors and main 
bursts have the same origin from the perspective of the 
temporal structure of the precursors and main bursts in relation 
to energy changes. In this paper, we comprehensively check 
whether there is a power-law relationship between the width 
and energy of the precursor and main burst, and whether there 
18 a power-law relationship between the ratio of the rising width 
to the falling width and energy from the perspective of the 
precursor and main burst light curves. In addition, we would 
like to check the distribution of its power-law index, the 
relationship between the two power-law indices and the 
distribution of widths. Then we examine the results of the 
precursor with the main burst, and compare them with the 


Table 1 
Pulse Fitting Parameters of BAT Sample 
Гєуунм/ 
СЕВ (p/m) Channel A (count 871) т\(5) 72(5) Ъз) Tpeak w(s) trise(S) Тассау(5) x FWHM(s) Tewum(s) dewum(s) dewum(s) 
GRB 091208B(p) chl 0.084 + 0.016 93.338 + 6.879 0.658 + 0.171 —6.284 + 0.171 1.554 + 1.07 4.59 = 0.902 1.966 + 0.366 2.624 + 0.536 0.946 3.776 + 0.398 1.664 2.112 + 0.228 0.788 
+ 0.172 + 0.011 
GRB 091208B(p) ch2 0.215 = 0.024 130.295 + 14.049 0.32 + 0.039 —5.618 + 0.039 0.841 + 0.529 2.894 + 0.278 1.287 + 0.12 1.607 + 0.158 1.019 2.368 + 0.141 1.088 1.28 + 0.081 0.85 
+ 0.067 + 0.004 
GRB 091208B(p) ch3 0.196 = 0.029 631.993 + 12.295 0.09 = 0.014 -6.914 0.014 0.63 + 0.581 1.65 = 0.189 0.78 + 0.088 0.87 + 0.102 1.187 1.408 + 0.086 0.64 0.768 + 0.051 0.833 
+ 0.046 + 0.005 
GRB 091208B(m) chl 0.309 + 0.03 26.811 + 9.676 0.494 + 0.1 5.156 + 0.1 8.794 + 0.76 2.725 + 0.482 1.116 + 0.199 1.609 + 0.285 1.156 2.24 + 0.174 0.96 1.28 + 0.099 0.75 
+ 0.081 + 0.007 
GRB 091208B(m) ch2 0.561 0.049 57.776 + 16422 0.201 + 0.032 5.261 + 0.032 8.667 0.554 1.666 + 0.229 0.733--0.101 0.933 + 0.129 1.275 1.408 + 0.085 0.64 0.768 + 0.05 0.833 
+ 0.046 + 0.005 
GRB 091208B(m) ch3 0.501 = 0.048 68.914 + 14.413 0.161 + 0.027 5.266 + 0.027 8.596 + 0.449 1.472 + 0.203 0.656 + 0.089 0.817 + 0.114 1.336 1.216 + 0.071 0.576 0.64 + 0.046 0.9 + 0.005 
+ 0.039 
GRB 110102A(p) chl 0.131 = 0.003 209.462 + 20.654 2.603 + 0.144 112.584 + 0.144 35.934 15.808 + 0.763 6.603 + 0.321 9.206 + 0.446 1.196 13.056 + 0.441 5.632 7.424 + 0.247 0.759 
+ 1.328 + 0.196 + 0.001 
GRB 110102A(p) ch2 0.193 = 0.004 237.447 + 12.873 2.213 + 0.091 112.831 + 0.091 35.753 14.415 + 0.488 6.101 + 0.203 8.314 + 0.287 1.222 11.968 + 0.276 5.184 6.784 + 0.156 0.764 
+ 0.786 + 0.124 + 0.001 
СКВ 110102A(p) ch3 0.16 + 0.004 297.79 + 22.679 1.77 + 0.083 112.787 + 0.083 35.743 12.869 + 0.515 5.55 + 0.222 7.319 + 0.295 1.076 10.688 + 0.29 4.736 5.952 + 0.161 0.796 
+ 1.03 + 0.133 + 0.001 
GRB 110102A(m) chl 0.143 = 0.003 702.888 + 124.144 2.289 + 0.16 167.708 + 0.16 207.815 19.297 + 1.321 8.504 + 0.601 331 16.0 + 0.769 7.232 8.768 + 0.412 0.825 
+ 3.814 + 0.358 + 0.002 
GRB 110102A(m) ch2 0.219 = 0.004 871.598 + 119.239 1.895 + 0.098 166.549 + 0.098 207.191 17.654 + 0.909 7.879 + 0.419 754 14.72 0.538 6.72 8.0 + 0.286 0.84 
+ 2.973 + 0.253 + 0.001 
СКВ 110102А(т) ch3 0.206 + 0.004 11770.262 + 792.237 0.685 + 0.02 117.179 + 0.02 206.994 15.706 + 0.44 7.511 + 0.212 8.196 + 0.228 1.726 13.12 + 0.257 6.336 6.784 + 0.134 0.934 + 0.0 
+ 3.307 + 0.126 
СКВ 121209А(р) chl 0.026 + 0.005 47.986 + 11864 2.013 + 0.797 —8.633 + 0.797 1.195 + 2.43 9.12 + 2.806 3.554 + 1.014 5.566 + 1.796 1.09 7.552 + 0.554 3.072 4.48 + 0.334 0.686 
+ 0.221 + 0.005 
СКВ 121209А(р) ch2 0.042 + 0.005 33.53 + 7.438 2.872 + 0.625 —8.576 + 0.625 1.237 + 1.648 10.999 + 1.922 4.063 + 0.669 6.935 + 1.263 0.963 9.088 + 0.406 3.52 5.568 + 0.249 0.632 
+ 0.16 + 0.002 
СКВ 121209А(р) ch3 0.042 + 0.006 223.655 + 54.756 0.817 + 0.155 —12.773 + 0.155 0.742 + 2.097 6.695 + 1.037 2.939 + 0.448 3.756 + 0.591 1.063 5.568 = 0.229 2.496 3.072 + 0.127 0.813 
+ 0.106 + 0.002 
СЕВ 121209A(m1) chl 0.066 + 0.006 4402.762 + 62.878 0.406 + 0.05 —23.647 + 0.05 18.657 8.303 + 0.763 3.948 + 0.357 4.355 + 0.406 1.052 6.912 + 0.331 3.328 3.584 + 0.175 0.929 
+ 2.606 + 0.159 + 0.002 
GRB 121209A(ml)  ch2 0.099 + 0.007 684.169 + 25.338 0.727 + 0.076  —3.268 + 0.076 19.034 8.086 + 0.636 3.679 + 0.281 4.406 + 0.356 1.116 6.72 + 0.301 3.136 3.584 + 0.167 0.875 
+ 1.232 + 0.138 + 0.002 
СЕВ 121209А(т1)  ch3 0.103 + 0.006 230.945 + 17.945 0.868 + 0.08 4.784 + 0.08 18.944 7.066 + 0.509 3.099 + 0.216 3.967 + 0.293 1.345 5.888 + 0.265 2.624 3.264 + 0.148 0.804 
+ 0.857 + 0.121 + 0.002 
СЕВ 121209A(m2) chl 0.063 + 0.011 1.818 + 1.374 0.773 + 0.283 27.214 + 0.283 28.399 2.064 + 0.682 0.646 + 0.229 1.418 + 0.469 1.234 1.664 + 0.158 0.576 1.088 + 0.1 0.529 
+ 0.573 + 0.065 + 0.011 
СЕВ 121209A(m2) сһ2 0.18 + 0.017 9.847 + 2.441 0.214 + 0.034 26.865 + 0.034 28.318 1.136 + 0.154 0.461 + 0.062 0.675 + 0.093 1.145 0.896 = 0.043 0.384 0.512 + 0.034 0.75 
+ 0.217 + 0.029 + 0.005 
GRB 121209А(ш2) ch3 0.222 + 0.018 4.607 + 1.184 0.197 + 0.024 27.276 + 0.024 28.23 + 0.138 0.89 + 0.099 0.346 + 0.04 0.543 + 0.06 1.034 0.704 = 0.037 0.256 0.448 + 0.029 0.571 
+ 0.03 + 0.009 
СКВ 130722A(p) chl 0.031 = 0.003 594.271 + 20.953 3.123 + 0.539 —34.963 + 0.539 8.118 + 3.835 23.408 + 3.057 10.143 3.266 .028 19.456 + 0.539 8.64 10.816 + 0.308 0.799 
+ 1.259 + 1.798 + 0.233 + 0.001 
СКВ 130722А(р) ch2 0.036 = 0.003 500.678 + 33.281 2.958 + 0.255 —34.877 + 0.255 3.605 + 2.113 21.541 + 1.448 9.292 + 0.601 2.249 .007 17.856 + 0.282 7.936 9.92 + 0.159 0.8 + 0.0 
+ 0.848 + 0.126 
СКВ 130722А(р) ch3 0.032 + 0.003 2076.954 + 63.654 1.102 + 0.162 —44.698 + 0.162 3.137 + 3.599 14.561 + 1.614 6.73 + 0.726 7.831 + 0.888 0.966 12.096 + 0.297 5.632 6.464 + 0.162 0.871 
+ 0.139 + 0.001 
СКВ 130722А(т) chl 0.12 + 0.003 1121.475 + 198.681 2.678 + 0.181 —11.429 + 0.181 43.371 24.374 + 1.637 .136 20.288 + 0.379 9.216 11.072 + 0.203 0.832 = 0.0 
199 + 0.179 
GRB 130722A(m) ch2 0.159 = 0.004 2383.934 + 302.015 1.391 + 0.069 —15.365 + 0.069 42.23 + 3.921 17.958 + 0.879 .104 14.976 + 0.204 6.976 8.0 + 0.109 0.872 = 0.0 
+ 0.1 
СЕВ 130722A(m) ch3 0.056 + 0.003 7152.994 + 1128.379 0.835 + 0.067 —35.758 + 0.067 41.515 16.085 + 1.16 7.625 + 0.552 8.46 + 0.608 1.026 13.376 + 0.265 6.4 6.976 + 0.138 0.917 = 0.0 
+ 6.843 + 0.131 
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Table 1 
(Continued) 
Гєуунм/ 
СЕВ (p/m) Channel A (count 871) Ti(s) 72(5) t(s) реак w(s) trise(S) Таесау(5) x? FWHM(s) Tpwum(s) dewum(s) dewum(s) 
GRB 180325A(p) chl 0.057 = 0.005 688.249 + 123.396 0.524 + 0.091 —16.772 + 0.091 2.21 + 2.366 6.326 + 0.869 2.901 + 0.392 3.425 + 0.478 1.087 5.312 + 0.188 2.496 2.816 + 0.103 0.886 
+ 0.091 + 0.001 
GRB 180325A(p) ch2 0.113 = 0.007 1275.289 + 127.376 0.248 + 0.023 —15.948 + 0.023 1.821 + 1.223 4.202 + 0.317 1.977--0.147 2.225 + 0.169 1.172 3.456 + 0.073 1.664 1.792 + 0.044 0.929 
+ 0.041 + 0.001 
GRB 180325A(p) ch3 0.079 = 0.006 1614.202 + 191.828 0.186 + 0.019 —15.937 + 0.019 1.406 + 135 3.6 + 0.292 1.707 + 0.137 1.893 + 0.155 1.082 3.008 + 0.069 1.408 1.6 0.042 0.88 
+ 0.04 + 0.001 
СЕВ 180325A(m) chl 0.179 = 0.006 1419.034 + 138.279 0.523 + 0.038 54.2 + 0.038 81.443 7.568 + 0.456 3.522 + 0.21 4.045 + 0.246 1.509 6.336 + 0.099 3.008 3.328 + 0.056 0.904 + 0.0 
+ 1.662 + 0.053 
СЕВ 180325A(m) ch2 0.311 = 0.01 6180.364 + 474.046 0.333 + 0.017 35.85 + 0.017 81.248 7.789 + 0.335 3.728 + 0.16 4.061 + 0.175 1.771 6.464 + 0.078 3.136 3.328 + 0.047 0.942 + 0.0 
2.094 + 0.043 
СЕВ 180325A(m) ch3 0.416 + 0.01 4308.996 + 352.264 0.255 + 0.0 47.832 + 0.01 80.99 + 1.503 5.823 + 0.208 2.784 = 0.1 3.039 + 0.108 1.902 4.864 + 0.056 2.368 2.496 + 0.036 0.949 + 0.0 
+ 0.036 
СВВ 200906А(р) chl 0.02 + 0.002 574.2 + 20.372 6.302 + 1.007 —48.461 + 1.007 11.692 39.446 + 4.78 16.572 22.874 .032 32.704 + 0.833 14.144 18.56 + 0.485 0.762 
i 5.026 + 1.888 + 2.893 + 0.349 + 0.001 
GRB 200906A(p) ch2 0.034 + 0.004 160.125 + 17.055 4.174 + 0.985 —21.406 + 0.985 4.446 + 3.49 21.19 + 3.839 8.508 + 1.433 12.682 028 17.536 + 0.728 7.296 10.24 + 0.435 0.713 
+ 2.408 + 0.295 + 0.002 
GRB 200906A(p) ch3 0.014 + 0.002 392.345 + 75.238 3.419 + 0.346 —35.477 + 0.346 1.146 + 3.986 22.639 + 2.031 9.61 + 0.873 13.029 089 18.816 = 0.461 8.192 10.624 + 0.256 0.771 
+ 1.167 + 0.208 + 0.001 
GRB 200906A(m) chl 0.081 + 0.003 370.692 + 54.768 2.696 + 0.217 21.847 + 0.217 53.458 18.658 + 1.32 7.981 + 0.569 10.677 247 15.488 + 0.297 6.784 8.704 + 0.163 0.779 + 0.0 
+ 2.668 + 0.755 + 0.137 
GRB 200906A(m) ch2 0.079 = 0.003 388.571 + 55.997 2.517 + 0.239 21.986 + 0.239 53.263 17.925 + 1.434 7.704 + 0.612 10.221 188 14.848 + 0.319 6.528 8.32 + 0.177 0.785 + 0.0 
+ 20711 + 0.826 + 0.145 
GRB 200906A(m) ch3 0.055 = 0.003 572.4 + 106.606 1.722 + 0.198 21.659 + 0.198 53.056 14.807 + 1.453 6.542 + 0.641 8.265 + 0.816 1.072 12.352 + 0.329 5.568 6.784 + 0.181 0.821 
+ 3.443 + 0.151 + 0.001 
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Table 2 
Pulse Fitting Parameters of GBM Sample 

GRB (p/ m) Channel A (count s) т1(5) т2(5) 1.65) реак 256) hise(S) Тассау(5) x FWHM(s) rewum(S) dewum(s) Ц FWHM/. dewum(s) 

GRB chl 7.69 + 0.229 156.596 + 33.85 0.35 + 0.029 —7.583 —0.176 3.241 1.445 1.795 081 2.7 + 0.182 12+ 0.106 1.5 + 0.093 0.8 + 0.006 
00116897(р) + 0.029 + 0.859 + 0.268 + 0.123 + 0.146 

СЕВ ch2 7.039 30.509 + 6.148 0.326 —2.97 + 0.047 0.185 + 0.394 2.055 0.864 1.191 089 1.8 + 0.141 0.8 + 0.07 1.0 + 0.088 0.8 + 0.008 
00116897(p) + 0.283 + 0.047 + 0.246 + 0.102 t 0.145 

GRB ch3 9.472 16.559 + 1.101 0.556 —2.746 0.289 + 0.112 2.658 1.051 1.607 139 2.2 + 0.061 0.9 0.038 1.3 + 0.046 0.692 + 0.002 
00116897(р) = 0.088 + 0.017 + 0.017 + 0.074 + 0.031 + 0.044 

СЕВ с14 8.28 + 0.394 327.793 + 23.953 0.255 —8.895 0.241 + 0.393 3.061 1.403 1.658 0.968 2.5 + 0.081 11 + 0.052 14 + 0.056 0.786 = 0.002 
00116897(р) + 0.012 + 0.012 + 0.118 + 0.054 + 0.064 

СКВ chl 15.049 2331.384 + 0.536 58.934 + 0.018 94.298 8.727 4.095 4.632 + 0.15 1.165 7.232 3.392 3.84 + 0.09 0.883 + 0.001 
00116897(m) + 0.108 197.454 + 0.018 + 1.609 + 0.286 t 0.136 + 0.167 + 0.083 

GRB ch2 20.83 1695.495 0.387 = 0.01 68.091 + 0.01 93.7 + 0.97 6.307 2.96 = 0.078 3.347 .284 5.248 2.496 2.752 0.907 + 0.0 
00116897(m) + 0.223 121.318 + 0.163 + 0.085 + 0.099 + 0.052 + 0.057 

GRB ch3 29.683 6657.007 + 0.304 48.298 + 0.006 93.301 + 1.41 7.407 3.551 3.855 475 6.208 3.008 3.2 + 0.052 0.94 + 0.0 
00116897(m) + 0.155 398.475 + 0.006 + 0.151 + 0.074 + 0.077 + 0.099 + 0.059 

GRB ch4 33.249 518.166 + 25.23 0.655 74.803 + 0.011 93.231 6.981 3.163 3.818 2.332 5.824 2.688 3.136 0.857 + 0.0 
00116897(m) + 0.119 + 0.011 + 0.475 + 0.123 + 0.057 + 0.066 + 0.075 + 0.042 + 0.046 

GRB chl 8.753 53.528 + 6.782 0.531 —4.098 1.235 + 0.374 3.408 1.438 + 0.08 1.97 + 0.106 1.301 2.88 + 0.114 1.28 + 0.056 1.6 + 0.066 0.8 + 0.002 
30815660(p) + 0.222 + 0.031 + 0.031 t 0.185 

GRB ch2 18.596 118.787 + 9.498 0.128 —2.517 1.385 + 0.159 1.42 + 0.033 0.646 0.774 222 1.216 0.576 0.64 + 0.023 0.9 + 0.002 
30815660(p) + 0.243 + 0.002 + 0.002 t 0.016 + 0.017 + 0.033 + 0.032 

GRB ch3 9.721 31.138 + 1.483 0.341 +0.01 —2.516 + 0.01 0.74 + 0.092 2.133 0.896 1.237 171 1.728 0.768 0.96 + 0.032 0.8 + 0.001 
30815660(p) + 0.109 + 0.054 + 0.023 + 0.032 + 0.039 + 0.026 

GRB ch4 9.103 + 0.48 116.801 = 23.764 0.175 —4.079 0.442 + 0.516 1.788 0.806 0.981 441 1.536 0.704 0.832 0.846 + 0.005 
30815660(р) + 0.018 + 0.018 t 0.166 + 0.075 + 0.091 + 0.099 + 0.051 + 0.057 

GRB chl 38.687 8.237 + 0.03 2.029 29.0 = 0.004 33.088 + 0.01 6.107 2.039 4.068 22 4.992 + 0.02 1.792 3.2 + 0.019 0.56 + 0.0 
308 15660(m) + 0.06 + 0.004 + 0.011 + 0.004 + 0.007 + 0.009 

GRB ch2 54.728 14.015 + 0.853 1.294 28.712 + 0.022 32.971 4.87 + 0.095 1.788 + 0.04 3.082 3.135 4.032 + 0.06 1.536 2.496 0.615 + 0.0 
308 15660(m) + 0.188 + 0.022 + 0.137 + 0.056 + 0.035 + 0.041 

GRB ch3 48.841 12.983 + 025 1.027 28.987 + 0.011 32.638 4.006 1.489 2.516 2.028 3.328 1.28 + 0.027 2.048 0.625 + 0.0 
30815660(m) = 0.119 + 0.011 + 0.042 + 0.038 + 0.014 + 0.024 + 0.033 + 0.031 

GRB ch4 27.877 13.657 + 1.724 0.83 + 0.031 28.892 + 0.031 32.258 3.443 1.307 2.137 1.65 2.816 1.088 1.728 0.63 + 0.001 
30815660(m) + 0.346 + 0.224 + 0.143 + 0.061 + 0.083 + 0.084 + 0.043 + 0.052 

GRB chl 8.092 9.328 + 0.653 1.487 + 0.1 3.054 + 0.1 0.671 + 0.207 4.936 1.725 3.212 1.154 4.032 1.536 2.496 0.615 + 0.0 
903 10398(р) + 0.154 + 0.268 + 0.088 + 0.182 + 0.063 + 0.034 t 0.044 

GRB ch2 7.69 + 0.142 34.945 + 1.63 1.569 —5.212 2.192 + 0.294 6.995 2.713 4.282 1.149 5.76 + 0.069 2.368 3.392 0.698 + 0.0 
90310398(p) + 0.093 + 0.093 t 0.326 + 0.118 + 0.208 + 0.038 0.047 

GRB ch3 6.604 72.028 + 3.312 0.625 + 0.12 —5.821 + 0.12 0.891 + 0.672 4.145 1.76 = 0.241 2.385 1.59 3.392 1.472 + 0.065 0.767 = 0.001 
90310398(р) + 1.923 + 0.602 + 0.361 + 0.106 0.051 

СЕВ ch4 12.483 17.752 + 1.148 0.43 + 0.011 —2.176 0.587 + 0.097 2221 0.896 1.326 1.26 1.856 0.768 1.088 0.706 + 0.001 
90310398(p) + 0.149 + 0.011 + 0.055 + 0.024 + 0.032 + 0.028 + 0.017 + 0.029 

GRB chl 39.409 110.808 + 7.913 1.765 39.888 + 0.039 53.871 10.09 4.163 5.928 1.707 8.32 + 0.063 3.584 4.736 0.757 + 0.0 
903 10398(m) + 0.989 + 0.039 + 0.524 + 0.243 + 0.109 + 0.136 + 0.035 + 0.042 

GRB ch2 45.24 836.412 + 34.472 0.941 25.824 + 0.012 53.877 10.318 4.688 5.629 1.675 8.576 3.968 4.608 + 0.03 0.861 + 0.0 
903 10398(m) + 0.112 + 0.012 + 0.605 + 0.144 + 0.068 + 0.076 + 0.042 + 0.028 

GRB ch3 40.984 375.736 + 10.271 0.94 + 0.007 34.992 + 0.007 53.787 8.46 + 0.074 3.76 + 0.035 4. 3.2 + 0.024 3.84 + 0.022 0.833 = 0.0 
903 10398(ш) + 0.071 + 0.266 

СЕВ с14 26.216 225.769 + 19.307 0.866 39.859 + 0.164 53.844 7.015 3.074 3.941 3.747 5.824 2.624 3.2 + 0.108 0.82 + 0.001 
903 10398(ш) + 0.899 t 0.164 + 1.463 + 1.013 + 0.425 + 0.588 + 0.188 + 0.086 

GRB chl 3.066 63.649 + 0.228 7.849 — 10.003 2.348 27.628 9.89 + 0.02 17.738 1.528 22.72 8.64 + 0.015 14.08 0.614 = 0.0 
91019970(р) + 0.011 = 0.019 + 0.019 + 0.052 + 0.057 + 0.038 + 0.028 0.024 

СЕВ ch2 11.77 + 0.07 138.886 + 15.991 6.033 —13.039 5.906 27.108 10.538 16.57 1.336 224 + 0282 9.152 13.248 0.691 = 0.0 
91019970(p) + 0.266 + 0.266 + 1.804 + 1.175 + 0.492 + 0.696 + 0.124 + 0.162 

GRB ch3 3.413 96.754 + 0.691 4.646 —10.016 1.185 20.385 7.87 + 0.039 12.515 1.349 16.832 6.848 9.984 + 0.03 0.686 + 0.0 
91019970(p) + 0.049 + 0.029 + 0.029 + 0.105 + 0.104 + 0.066 + 0.031 + 0.031 

GRB chl 22.469 278.76 + 28.043 9.394 72.511 + 0.257 23.683 44.845 17.726 27.119 1.58 37.056 15.296 21.76 0.703 + 0.0 
91019970(m) + 0.092 + 0.257 + 2.68 + 1.427 + 0.637 + 0.804 + 0.058 + 0.035 + 0.039 
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Table 2 
(Continued) 

GRB (p/ m) Channel A (count 87) т1(5) TS) 15(5) реак 250) hise(S) Тассау(5) x FWHM(s) rewum(S) dewum(s) TEWHM/ dewum(s) 

GRB ch2 23.109 11227.326 + 1.984 —25.686 123.57 34.475 16.246 18.23 821 28.736 13.696 15.04 0.911 + 0.0 
191019970(m) + 0.059 866.259 + 0.033 + 0.033 + 5.893 + 0.793 + 0.388 + 0.406 + 0.036 + 0.031 + 0.027 

GRB ch3 9.319 351.236 + 1.472 5.188 + 0.02 79.993 + 0.02 122.679 30.21 12.511 17.699 2.465 25.088 10.752 4.336 0.75 + 0.0 
191019970(m) + 0.01 + 0.122 + 0.092 + 0.037 + 0.056 + 0.03 + 0.009 + 0.03 

GRB chl 6.388 30.017 + 1.401 2.012 —5.053 2.718 + 0.243 8.161 3.074 + 0.09 5.086 244 6.72 + 0.059 2.688 4.032 + 0.04 0.667 + 0.0 
200114153(p) + 0.133 + 0.075 + 0.075 + 0.248 + 0.159 + 0.034 

GRB ch2 1.203 169.392 + 30.203 0.307 = 0.06 —5.142 + 0.06 2.07 + 0.957 2.992 + 0.46 1.342 1.649 328 2.496 1.152 + 0.05 1.344 0.857 + 0.002 
200114153(р) + 0.334 + 0.201 + 0.259 + 0.098 + 0.058 

GRB ch3 1.791 175.996 10.182 0.316 —5.042 2.418 + 0.358 3.088 1.386 + 0.08 1.702 .858 2.56 + 0.044 1.152 1.408 0.818 + 0.001 
200114153(p) + 0.964 + 0.024 + 0.024 + 0.183 + 0.103 + 0.032 + 0.033 

GRB ch4 8.583 160.223 + 12.584 0.278 —5.093 1.576 + 0.337 2.736 1.229 1.507 3.503 2.24 + 0.04 1.024 + 0.03 1.216 0.842 + 0.001 
200114153(р) + 0.246 + 0.018 + 0.018 + 0.14 + 0.062 + 0.079 + 0.031 

GRB chl 8.162 6.073 + 0.811 0.902 24.952 + 0.052 27.292 3.043 1.07 + 0.062 1.972 1.69 2.496 0.96 + 0.031 1.536 0.625 + 0.001 
200114153(m) + 0.42 + 0.052 + 0.178 + 0.163 + 0.104 + 0.044 + 0.035 

GRB ch2 24.459 21.967 + 1.261 0.469 23.972 + 0.012 27.18 + 0.102 2.497 1.014 1.483 302 2.112 0.896 1.216 0.737 + 0.001 
200114153(m) + 0.362 + 0.012 + 0.06 + 0.026 + 0.036 + 0.032 + 0.031 + 0.029 

GRB ch3 5.356 6.823 + 2.103 0.535 24.866 + 0.049 26.775 2.09 + 0.21 0.778 = 0.09 1.312 718 1.728 0.704 1.024 0.688 + 0.002 
200114153(m) + 0.573 + 0.049 + 0.311 + 0.123 + 0.055 + 0.034 + 0.038 

GRB chl 8.373 162.607 + 11.616 1.041 +0.05 —1.119 + 0.05 11.894 7.436 3.197 4.239 .367 6.208 2.752 + 0.04 3.456 0.796 = 0.0 
220209959(р) + 0.133 + 0.564 + 0.30 + 0.128 + 0.174 + 0.072 + 0.045 

GRB ch2 1.565 139.812 + 6.336 1.274 +0.02 —1.119 + 0.02 12.228 8.346 3.536 4.81 + 0.076 1.026 6.912 + 0.04 3.008 3.904 0.77 + 0.0 
220209959(p) + 0.081 + 0.321 + 0.137 + 0.061 + 0.028 + 0.031 

GRB ch3 1.987 106.008 + 1.574 1.566 —1.02 + 0.017 11.865 + 0.12 9.12 + 0.082 3.777 5.343 198 7.552 3.2 + 0.032 4.352 0.735 + 0.0 
220209959(р) + 0.088 + 0.017 + 0.033 + 0.049 + 0.026 + 0.032 

СЕВ ch4 20.51 71.651 + 0.862 2.085 -1.013 11.208 10.308 4.112 6.196 .266 8.512 3.52 + 0.03 4.992 0.705 = 0.0 
220209959(p) + 0.114 + 0.027 + 0.027 + 0.112 + 0.108 + 0.041 + 0.067 + 0.031 + 0.027 

GRB chl 1.502 3393.422 1.06 + 0.029 39.746 199.728 15.984 7.462 8.522 311 13.312 6.272 + 0.06 7.04 + 0.065 0.891 = 0.0 
220209959(m) + 0.093 278.457 + 0.029 + 2.594 + 0.463 + 0.222 + 0.242 + 0.116 

GRB ch2 4.994 132.718 + 1.454 2.985 79.985 199.889 15.702 6.359 9.344 Л94 12.992 5.504 7.488 0.735 = 0.0 
220209959(m) + 0.08 + 0.033 + 0.033 + 0.159 + 0.139 + 0.054 + 0.086 + 0.042 + 0.032 + 0.031 

GRB ch3 6.956 96.656 + 0.637 3.721 79.989 198.954 17.209 6.744 10.465 2.089 14.208 5.824 8.384 0.695 + 0.0 
220209959(m) + 0.069 + 0.015 + 0.015 + 0.074 + 0.058 + 0.023 + 0.036 + 0.033 + 0.019 + 0.029 

GRB ch4 25.941 3505.496 + 89.238 0.73 + 0.007 48.993 199.569 12.172 5.721 6.45 .918 10.176 4.864 5.312 0.916 = 0.0 
220209959(m) + 0.022 + 0.007 + 0.683 t 0.113 + 0.054 + 0.059 + 0.038 + 0.027 + 0.027 

GRB chl 0.574 119.15 + 23.481 0.156 —6.098 —1.781 1.651 0.747 0.904 57 1.344 0.64 + 0.039 0.704 0.909 + 0.004 
220305481(р) + 0.248 + 0.039 + 0.039 + 0.685 + 0.319 + 0.141 + 0.178 + 0.071 + 0.045 

GRB ch2 9.415 113.64 + 15.936 0.196 —5.099 —0.374 1.937 0.87 + 0.09 1.067 72 1.6 + 0.051 0.768 0.832 0.923 + 0.002 
220305481(p) + 0.258 + 0.026 + 0.026 t 0.457 + 0.205 + 0.115 + 0.034 + 0.036 

СКВ ch3 5.899 1905.029 + 315.32 0.179 —20.376 —1.886 3.648 1,734 1.913 102 3.072 1.472 1.6 + 0.039 0.92 + 0.002 
22030548 (р) + 0.259 0.012 + 0.012 + 1.644 + 0.233 + 0.112 +0.121 + 0.096 + 0.075 

GRB ch4 5.483 + 0.26 110.862 + 21.955 0.231 —6.245 —1.184 2.175 = 0.21 0.972 1.203 .009 1.792 0.832 0.96 + 0.036 0.867 = 0.002 
22030548 (р) 0.026 + 0.026 + 0.575 + 0.094 + 0.116 + 0.054 + 0.033 

СЕВ chl 11.093 31.289 + 3.772 1.884 41.166 = 0.091 48.844 7.838 2.977 4.861 + 0.22 1.459 6.464 2.624 3.84 + 0.057 0.683 = 0.0 
220305481(m) t 0.147 + 0.091 + 0.507 + 0.364 + 0.149 + 0.092 + 0.045 

GRB ch2 24.656 39.529 + 0.777 1.307 41.972 + 0.014 49.161 6.269 2.481 3.788 2.113 5.184 2.176 3.008 0.723 + 0.0 
22030548 1(m) + 0.153 + 0.014 + 0.081 + 0.058 + 0.023 + 0.035 + 0.027 + 0.032 + 0.032 

GRB ch3 47.289 3614.257 + 77.372 0.091 31.383 + 0.001 49.51 + 0.204 2.569 1.239 1.33 + 0.01 5.769 2.112 1.024 1.088 0.941 = 0.001 
220305481(m) t 0.173 + 0.001 + 0.019 + 0.009 + 0.032 + 0.027 + 0.026 

GRB ch4 77.516 883.067 + 57.187 0.051 42.983 + 0.004 49.684 1.169 0.559 0.61 + 0.036 6.052 1.024 + 0.03 0.512 + 0.03 0.512 1.0 + 0.003 
220305481(m) + 0.519 + 0.004 + 0.329 + 0.067 + 0.032 + 0.022 
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Figure 2. Example plots of the relationship between the six different GRBs (precursor and main burst) width (FWHM) and energy (upper panel) and that between the pulse- 
width ratio (rewiw/dewuw) of the FWHM and energy (lower panel). Here the blue part corresponds to the Swift/BAT data and the purple part signifies the Fermi/GBM data. 


results from РОб to check if the origins of the precursor and 


main burst are consistent. 


This paper is organized as follows. In Section 2, the selection 
criteria and pulse fitting for the precursor GRB sample are given. 


In Section 3, we comprehensively check whether there is a 


power-law relationship between the width and energy of the 


precursor and main burst, and whether there is a power-law 
relationship between the ratio of the rising width to the falling 
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width and energy from the perspective of the precursor and main 
burst light curves. In addition, we also obtain the distribution of 
power-law indices, the relationship between power-law indices 
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Figure 2. (Continued.) 


provided in Section 4. 


and the distribution of pulse widths for comparing the precursor 
with the main burst. Finally, discussion and conclusions are 
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Figure 3. Kernel density plot for the distributions of the indices obtained from FWHM and energy (left panel) and the ratio of the FWHM width of the rising portion to 
that of the decaying phase of the light curve of precursors and energy (right panel), where the blue part corresponds to the precursors of the Swift/BAT sample, the 
orange part signifies the precursors of the Fermi/GBM sample, the green part means the main bursts of the Swift/BAT sample and the red part represents the main 


bursts of the Fermi/GBM sample. 


2. Sample and Data Analysis 


In this paper, we use a similar definition of a precursor to BO8: 
the precursor peak intensity is lower than the subsequent burst, 
and there is a quiescent phase separation between the precursor 
and the main burst. The separation phase has no specific duration 
and is estimated to range from a few milliseconds to several tens 
of seconds. We do not require the precursor to precede the bursts 
by a time delay at least as long as the main burst duration and do 
not impose the condition that a precursor did not trigger the 
detector. Based on this criterion of selecting precursors by the 
naked eye, we systematically search for observations of Swift/ 
BTA from 2004 December to 2022 July and Fermi/GBM from 
2008 July to 2022 April, and find a total of 13 GRBs with good 
pulse shape precursors and main bursts. We select the 64 ms 
binning light curves. Among them, one GRB event corresponds 
to two main bursts, resulting in a total of 27 pulses. 


2.1. Swift/BAT and Fermi/GBM 


Between 2004 December and 2022 July, Swift/BAT 
detected 1525 GRBs. We search for precursors in the GRB 
light curves and identify six GRBs with good pulse shape 
precursors and main bursts. Among them, one GRB event 
corresponds to two main bursts, resulting in a total of 13 pulses. 
The GRB event data are processed by the standard BAT 
software with the latest calibration database, and the back- 
ground is subtracted to build the GRB light curves, and each 
light curve has five energy channels, which are 15-25 keV, 
25-50 keV, 50—100 keV, 100—350 keV and 15—350 keV. Each 
identified precursor pulse can be described by a fast rise and 
exponential decay (FRED) function (Fishman et al. 1994). For 


each precursor and main burst, we require that the signal should 
be detectable in at least three energy channels. In this way, the 
relationship between the pulse width and energy can be studied. 
In the Swift/BAT data, there are exactly three energy channels 
(15-25 keV, 25-50 keV and 50-100 keV) that detect 
significant signals, so we choose the light curves for these 
three energy channels. Moreover, there are a few binning types 
of the light curve data in the Swift/BAT catalog. We compare 
these light curves and find that the 1 s binning for the light 
curve could show the FRED characteristics of the precursors 
more clearly. However, a 1 s binning for the light curve may be 
relatively coarse, resulting in overlapping pulses. Therefore, we 
use the 64 ms binning light curve for the analysis. 

Fermi/GBM detected 3274 GRBs between 2008 July and 2022 
April, and we searched for precursors in the GRB light curves and 
found seven GRBs with good pulse shape precursors and main 
bursts. We select the light curve data of the brightest trigger 
detector on the official Fermi/GBM website. In order to be as 
consistent as possible with the BAT sample, we use the program to 
select the light curve data with four energy channels, which are 
15-25 keV, 25-50 keV, 50-100 keV, and 100—350 keV. Accord- 
ing to the different energy channel signals, three or four energy 
channels are selected to study whether there is a power-law 
relationship between pulse width, energy, etc. In addition, we also 
use the program to automatically select the 64 ms binned light 
curve. 


2.2. Precursor Fitting 


GRB events can be described by the shape of FRED 
(Fenimore et al. 1996). We first assume that the precursor has a 
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Table 3 
Two Power-law Index Parameters of Total Sample 

GRB(p/m) CFWHM O'ratio 
GRB 091208B(p) —0.82 + 0.05 0.04 + 0.05 
GRB 091208B(m) —0.49 + 0.2 0.15 + 0.03 
GRB 110102A(p) —0.17 + 0.0 0.04 + 0.01 
GRB 110102A(m) —0.16 + 0.0 0.11 + 0.03 
GRB 121209A(p) —0.28 = 0.3 0.15 + 0.15 
СЕВ 121209А(т1) —0.14 + 0.04 —0.12 + 0.0 
GRB 121209A(m2) —0.69 + 0.24 0.04 + 0.3 
GRB 130722A(p) —0.4 + 0.11 0.08 + 0.03 
GRB 130722А(т) —0.3 + 0.08 0.07 + 0.0 
GRB 180325А(р) —0.46 + 0.18 —0.01 + 0.05 
GRB 180325A(m) —0.23 = 0.13 0.04 + 0.02 
GRB 200906А(р) —0.43 + 0.37 0.02 + 0.07 
GRB 200906A (m) —0.19 + 0.05 0.04 + 0.01 
GRB 100116897(p) 0.01 + 0.15 —0.03 + 0.06 
GRB 100116897(m) —0.07 + 0.1 —0.01 + 0.03 
GRB 130815660(p) —0.22 + 0.27 0.0 + 0.05 
GRB 130815660(m) —0.3 + 0.03 0.05 + 0.03 
GRB 190310398(p) —0.47 + 0.23 0.07 + 0.06 
GRB 190310398(m) —0.2 + 0.05 0.03 + 0.04 
GRB 191019970(p) —0.22 = 0.11 0.08 + 0.05 
GRB 191019970(m) —0.28 + 0.05 0.05 + 0.19 
GRB 200114153(p) —0.49 + 0.27 0.1 + 0.07 
GRB 200114153(m) —0.3 + 0.01 0.07 + 0.12 
GRB 220209959(p) 0.16 + 0.01 —0.06 + 0.0 
GRB 220209959(m) —0.12 + 0.09 0.01 + 0.12 
GRB 220305481(p) 0.23 + 0.26 —0.02 + 0.02 
GRB 220305481 (m) —1.02 + 0.11 0.22 + 0.04 


similar shape to the GRB pulse. Thus, we adopt the function 
proposed in Norris et al. (2005) (the Norris function) to fit all of 
the background-subtracted light curves because we find that 
this function can well describe the observed profile of a FRED 
pulse. We find that the function describes the observed FRED 
precursor profile well. The fitting function is 


I(t) = АХ еСл/6-40-0-4/7), 


where А = е2", u = (т/т»)!/?, A is the maximum intensity of 


an episode and f, is the start time of an episode. The peak time is 
fy = Tp + f, = (i72)? + t, where т, = (175) /?. The pulse 
width is w = 74 + T, = т(1 + 4иу! г and the pulse asymmetry is 
K = (Ta — 7)/(14 + т.) = (1 + 4и) 12, where the rise time is 
T,= то[(1 А = 1/2, and the decay time is 7;— 
то[(1 + 4иу! 52 1]/2. We fit the precursors using a Markov 
Chain Monte Carlo (MCMC) technique, which has been widely 
utilized for astronomical data processing (Li 2019). 

The Norris function is applied to fit the light curve data for 
each precursor and main burst of different energy channels. 
The majority of the pulses can be fitted well using this function, 
and the distributions of the reduced x? for the total samples are 
displayed in Figure 1. The fitting parameters and the 
goodnesses of fits are listed in Tables 1 and 2. The error of 
the fitting parameter has the confidence interval of lo. In 
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Appendix, some light curves of different energy channels of 
precursors and main bursts are given, as shown in 
Figures AI—A16. The blue and purple parts correspond to the 
Swift/BAT and Fermi/GBM data, respectively. 


3. Analysis Results 


We first examine whether widths of the precursor and main 
burst also follow a power-law decrease with energy. Therefore, 
we use the Norris function to fit the light curve of the precursor 
and main burst of each different energy channel, and obtain five 
fitting parameters to calculate the pulse width (full width at half 
maximum, FWHM), rising width (rgwym) and decaying width 
(dgwuw) in each energy channel of the burst. 


3.1. Power-law Relationship between Width and Energy 


According to the pulse fitting parameters, we first examine 
the relationship between width and energy of precursor 
and main burst of Swift and GBM respectively. Most of 
the precursors and main bursts display a power-law antic- 
orrelation between precursor width and energy and a power- 
law correlation between rgwuw/drgwuw and energy. Examples 
of such a relationship are presented in Figure 2. There are 
12 parts (six GRB precursors and six main bursts) to Figure 2: 
each part is composed of two panels, with the upper panel 
showing the plot of logFWHM — log Е (keV) and the lower 
one featuring the plot of log трунм/ Фрунм — log E (keV) for 
the same source, where £ is the lower energy bound of the four 
energy channels, as generally adopted in previous works (see, 
for example, РОб and Fenimore et al. 1995). The widths of 
most precursors and most main bursts decreased by а power 
law with energy, accounting for 76.92% and 100% of the total 
samples, respectively, which is consistent with the relationship 
between most GRB pulse widths and energy in previous 
studies, indicating that the time characteristics of the precursor 
with energy change are the same as those of the main pulse. 


3.2. The Distribution of Power-law Indices and the 
Relationship between Power-law Indices 


In order to further study some possible correlations between 
precursor and main burst, we compare the distributions of the 
associated power-law indices (окуунм and Qratio). The parameters 
are listed in Table 3. First, we compare the distributions of 
Qpwum and Qrato for the two precursor sub-samples Swift/BAT 
and Fermi/GBM, respectively. The median and mean values of 
the окуунм distribution for the Swift/BAT precursor samples are 
—0.42 and —0.42, respectively, while for the main bursts, they 
are —0.23 and —0.32, respectively. Similarly, the median and 
mean values of the огно distribution for the precursor samples 
are 0.041 and 0.053, respectively, while for the main bursts, they 
are 0.042 and 0.047, respectively. For the Fermi/GBM precursor 
samples, the median and mean values of the бїруунм distribution 
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Figure 4. Kernel density plot for the distributions of the indices obtained from FWHM and energy (left panel) and the ratio of the FWHM width of the rising portion to 
that of the decaying phase of the light curve of precursors and energy (right panel), where the green part corresponds to the precursors of the total sample and the 
purple part signifies the main burst of the total sample. 


are —0.22 and —0.14, respectively, while those of the main By analyzing the power-law relationship between FWHM and 
bursts are —0.28 and —0.33, respectively. The median and mean energy and the power-law relationship between rgwuw/drwuM 
values of the Qratio distribution of the precursor samples are 0.005 and energy, we find that the results can be divided into three 
and 0.020, respectively, while those of the main bursts are 0.046 types of bursts. Figure 5 displays three distribution regions for 
and 0.06, respectively. The бїруунм and о distributions of the the two indices, which are associated with the three classes 
two sub-samples are shown in Figure 3. It can be seen that there defined below. Because for a certain energy range the sign of the 
is little difference in overall distributions of the precursor and indices depends on the radiation mechanism (see Figures 1, 2, 
main burst, indicating that different detectors but the same and 3 in Qin et al. (2005), hereafter Q05), these different regions 
channel have little influence on the distribution of power-law might correspond to different mechanisms. 
index. The first class consists of bursts that are seen to possess a power- 
We then compare the power-law index distributions of the law anticorrelation between FWHM and energy (ogwgy < 0) and 
precursor samples with those of the main burst. Here the total a power-law correlation between rpwuw/dpwuw and energy 
sample distribution of акунм and Qratio of the precursor is (Qratio > 0). There are a total of nine precursors in this class, 
shown in Figure 4. The median and mean of the Qpwym accounting for approximately 69.2% of the total sample, while 
distribution of precursors are —0.28 and —0.27, while those of there are 12 main bursts, accounting for approximately 85.796 of 
the main bursts are —0.26 and —0.32, respectively; the median the total sample. The second class consists of bursts that are seen to 
and mean of the оно distribution of precursors are 0.041 and possess negative-index power-law relationships between FWHM 
0.022, and those of the main burst are 0.045 and 0.054, and energy (Оруунм < 0) and between rewum/dewum and energy 
respectively. This affirms that the distribution of the power-law (Qraio < О). There is a total of one precursor in this class, 
index of the total precursor sample is very similar to that of the accounting for approximately 7.7% of the total sample, while there 
total main burst sample. are two main bursts, accounting for approximately 14.396 of the 
As shown in Figure 5, we present the correlation between the total sample. The third class consists of bursts that are seen to 
power-law index бїруүнм and сл for both the precursor and main possess a power-law correlation between FWHM and energy 
burst samples. For the precursors, a regression analysis yields an (Qewum = 0). There are a total of three precursors in this class, 
equation of agi; = (0.005 + 0.021) — (—0.11 = 0.05) авуунм, with accounting for approximately 23.1406 of the total sample, while the 
a correlation coefficient of r — —0.58 (N—13). Similarly, for the main burst is 0, accounting for approximately 096 of the total 
main bursts, the regression analysis yields an equation of sample. The proportion of class 1 bursts of the precursor is 
Орао = (—0.014 + 0.025) — (—0.21 = 0.06)окунм, with a corre- relatively high, while the proportions of other classes are relatively 
lation coefficient of r= —0.68 (N= 14). We find that the two low, similar to the main bursts. In addition, they are similar to the 
power-law indices of the two samples show moderate correlation, results of PO6's study on GRBs. Therefore, these distributions of 
and the trend in the regression slope for both is roughly similar. the precursor and main burst are similar to those studied in РОб and 
Therefore, the main bursts are related to precursors. further suggest a common origin for precursors and main bursts. 
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Figure 5. Relationship between the two indices obtained from FWHM and 
energy and the ratio of the FWHM of the rising portion to that of the decaying 
phase of the light curve of precursors and energy without (upper panel) and 
with (lower panel) error bars, where the red line represents the precursor 
sample, and the blue line signifies the main burst sample. 


Bursts of class 1 are obviously those predicted in Q05, in 
which the prediction was performed under the assumption that 
the so-called curvature effect (the Doppler and time-delay 
effect over the relativistically expanding fireball surface) is 
important. The fact that more than half of these bursts, whether 
they are precursors or main bursts, indicates that the light 
curves of the majority of bursts of these samples are likely to 
suffer from the curvature effect. This conclusion is in 
agreement with what was suggested in Qin & Lu (2005) 
апа Q05. Sources of the second class аге not predicted in Q05. 
It is unclear if a varying synchrotron or Comptonized radiation 
is involved or a different pattern of the spectral evolution is 
considered, as both negative-index power-law relationships for 
a burst could be expected. For the same reason, the mechanism 
accounting for the third class is also unclear. 
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3.3. The Width Distribution and Width Ratio Distribution 


In order to further investigate the relationship between 
precursor and main burst, the distributions of FWHM and 
гЕуунм/ Фвууны are compared. First, we compare the distribu- 
tions of FWHM and rgwum/drwum ОЁ the two sub-samples of 
Swift/BAT and Fermi/GBM, as shown in Figure 6. From 
these two sub-samples we can infer: (1) for the BAT sample, 
the median FWHM s of the precursor in three energy channels 
are 10.3, 10.5 and 8.1, while those of the main burst are 6.9, 6.7 
and 5.9, respectively; for the GBM sample, the median 
FWHMs of the precursor in four channels are 4.0, 2.5, 3.1 
and 2.1, while those of the main burst are 7.2, 5.2, 6.2 and 5.8, 
respectively; hence the median of FWHM of the two sub- 
samples of precursor and main burst declines roughly with 
energy; (2) for the BAT sample, the median rpwym/dpwum 
values of the precursor in three energy channels are 0.775, 
0.782 and 0.823, while those of the main burst are 0.825, 0.84 
and 0.9, respectively; for the GBM sample, the median 
rewum/dewum Values of the precursor in four channels are 
0.796, 0.8, 0.767 and 0.814, while those of the main burst are 
0.703, 0.734, 0.75 and 0.857, respectively; therefore the 
median of rewum/dewum for the two sub-samples of precursor 
and main burst increases roughly with energy; (3) the ratio of 
rising width to falling width of two sub-samples of precursor 
and main burst is about the same; (4) for the BAT sample, the 
maximum values of rgwuw/dpwuw ОЁ the precursor emission 
in three energy channels are 0.89, 0.93 and 0.88, while those 
of the main burst are 0.93, 0.94 and 0.95, respectively; for 
the GBM sample, the median rpwym/dewum values of the 
precursor in four channels are 0.90, 0.92, 0.92 and 0.87, while 
those of the main burst are 0.89, 0.91, 0.94 and 1, respectively, 
and the corresponding maximum value of the two samples of 
the precursor and main burst does not exceed 1. Combining 
results (1), (2), (3), (4) and the results shown in Figure 6, it 
can be concluded that the BAT and GBM samples have 
approximately the same statistical properties, further illustrat- 
ing that different detectors but the same channel do not affect 
the distribution of FWHM and rgwuw/drwuw- 

Next, we compare the total sample distributions of FWHM 
and rewum/dewum for precursors and main bursts. Figure 7 
depicts the distribution of FWHM and rgwuw/drwuw for 13 
GRB samples. We compare the distribution of FWHM and 
геұунм/Яғунм Of the total precursor samples with that of the 
main burst and find that: (1) while the median of FWHM of the 
precursor decreases with the increase of energy (when fitting 
FWHM and energy with a power law, the index would be 
negative), and the main burst is consistent with it; (2) while the 
median of rewum/drwum ОЁ the precursor increases with the 
increase of energy (when fitting rewum/drwum and energy 
with a power law, the index would be positive), and the main 
burst is consistent with it; (3) the ratio of the rising width to the 
decaying width of the precursors is about 0.79, while that for 
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Figure 6. Distribution of FWHM and rgwum/dewum in four energy channels, where the blue part corresponds to the precursors of the Swift/BAT sample, the orange 
part signifies the precursors of the Fermi/GBM sample, the green part means the main bursts of the Swift/BAT sample and the red part represents the main bursts of 
the Fermi/GBM sample. 
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Figure 7. Distributions of FWHM (the four upper panels) and /руунм/ Фруунм (the four lower panels) in the four energy channels for the total sample, where the green 
part corresponds to the precursors of the total sample and the purple part signifies the main burst of the total sample. 
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the main bursts is about 0.80; the width ratio of the two 18 
almost equal, the precursor observed is asymmetric, and the 
main burst is consistent with it; (4) the maximum value of 
rpwuM/dewuw in Фе four energy channels of precursor and 
main burst does not exceed 1, the precursors correspond to 
0.93, 0.90, 0.92 and 0.87, respectively, and the main burst is 
0.93, 0.94, 0.95, and 1.0, respectively. Furthermore, the largest 
values of rewum/drwum for the total GRB pulse samples 
studied by РОб do not exceed 0.9, indicating that the results of 
our study are close to those of the GRB pulse. Moreover, this is 
in agreement with what was predicted previously in Qin et al. 
(2004), where it was suggested that there is an upper limit to 
rpwuM/ dewuy Of approximately 1.3. It can be concluded from 
the above analysis that the total sample of precursor and main 
burst has roughly the same statistical characteristics as PO6 and 
Qin et al. (2004), which also indicates that the precursor is 
indistinguishable from the main pulse. 


4. Discussion and Conclusion 


In early statistical analyses, light curves of GRB pulses were 
found to become narrower at higher energies (Fishman et al. 
1992; Link et al. 1993). Norris et al. (1996) also found that the 
average pulse-shape dependence on energy is approximately a 
power law, which was confirmed by later studies (Piro et al. 
1998; Costa 1999; Nemiroff 2000; Norris et al. 2000; Feroci 
et al. 2001; Crew et al. 2003). P06 also showed that there is a 
power-law relationship between FWHM and energy and a 
power-law relationship between rgwum/dewum and energy in 
the light curve of a GRB. 

In this paper, we search Swift/BAT and Fermi/GBM and 
find 13 well-identified GRB precursors and main bursts, which 
also exhibit a power-law anticorrelation between FWHM and 
energy and a power-law correlation between rgwum/dewum 
and energy. These indicate that the precursor and main burst 
may have the same origin. 

The distributions of the two power-law indices of six Swift/ 
BAT samples and seven Fermi/GBM samples show little 
difference in the overall distribution of the precursor and main 
burst, indicating that different detectors but the same channel 
have little influence on the distribution of power-law index. 
Furthermore, there is no significant difference between the 
power-law index distribution of the total precursor sample and 
that of the total main pulse. Among them, the median and mean 
of the Qpwym distribution of precursors are —0.28 and —0.27, 
while those for the main bursts are —0.26 and -0.33, 
respectively; the median and mean of the аго distribution of 
precursors are 0.041 and 0.022, and those for the main burst are 
0.044 and 0.054, respectively. Moreover, the results of P06 are 
as follows: for the KRL sample, the median of the distribution 
of Qpwum is —0.277, and the Оно 15 0.066; for the Norris 
sample, the medians of the distribution of окуунм and Qratio are 
—0.302 and 0.083, respectively. We find that the power-law 
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index of the total samples is also roughly the same as that of the 
KRL sample. This affirms that the distribution of the power- 
law index of the total precursor sample is very similar to that of 
the total main burst sample. 

At the same time, we analyze the relationship between two 
power-law indices, арунм and с, and find that there is an 
anticorrelation between them. For the precursors, a regression 
analysis yields ао = (0.005 + 0.021) — (—0.11 + 0.05) авуунм, 
with the correlation coefficient being r — —0.58. Similarly, for the 
main bursts, the regression analysis yields Qjatio = (—0.014 + 
0.025) — (—0.21 + 0.06)agwguw, with the correlation coefficient 
being r — —0.68. We find that the two power-law indices for both 
the precursors and main bursts show moderate correlation, and the 
trend in the regression slope for both is approximately similar. In 
addition, in the results of the PO6 analysis, for the KRL sample, а 
regression analysis yields аго = (—0.03 + 0.03) — (0.23 = 
0.06)окуунм., With the correlation coefficient being r= —0.428, 
while for the Norris sample, the analysis produces аш = 
(—0.01 + 0.04) — (0.29 + 0.10)орунм, with the correlation coef- 
ficient being r — —0.425. Our findings suggest that the correlation 
between the Qpwum and Qratio of the precursor and main burst is 
comparable to that observed in GRB pulses from РОб. The 
negative linear regression slopes of the precursor and main burst 
show little difference and are closer to the KRL sample in РОб. 
Therefore, their distribution is roughly the same, further illustrating 
that the precursor and main burst are indistinguishable. 

Our analysis of the relationship between the two power-law 
indices opwgw and осш reveals an anticorrelation between 
them. We divide the o44;5-orpwuw plane into three regions, 
namely regions l(apgwnuw < 0, Qratio 0) Шағунм < 0, 
Qratio < 0) and Ш(акунм 2 0) (see Figure 5). Sources inside 
these regions are defined as classes 1, 2, and 3, respectively. 
The proportion of each class of precursors is 69.2%, 7.7%, and 
23.196, respectively, while the proportion of main bursts is 
85.7%, 14.3%, and 0%. Due to the small sample size, only the 
proportions of the distribution of each class in the main burst 
and РОб are highly similar, and the main burst accounts for 
approximately 0% in class 3. However, the proportion of class 
] bursts of the precursor is relatively high, while the 
proportions of other classes are relatively low, similar to the 
main bursts. In addition, they are similar to the results of PO6's 
study on GRBs. Therefore, these distributions of the precursor 
and main burst are similar to those studied in РОб and further 
suggest a common origin for precursors and main bursts. 

The median of FWHM of the two sub-samples of precursor 
and main burst declines roughly with energy and the median of 
геұунм/Яғунм increases roughly with energy. Moreover, the 
ratio of rising width to falling width of two sub-samples of 
precursor and main burst is about the same. It appears from 
Figures 3 and 6 that the detector has some impact on the 
distribution of data. Specifically, it seems that the BAT and 
GBM samples are not strongly correlated. However, it should 
be noted that different detectors detecting different bursts do 


Research in Astronomy and Astrophysics, 24:035013 (25pp), 2024 March 


not affect the close relationship between precursors and main 
bursts. It can be concluded that BAT and GBM samples have 
roughly the same statistical characteristics. Consequently, they 
are distributed similarly, providing further evidence of a 
correlation between the origins of the precursor and main burst. 

Also, we compare the distribution of FWHM and 
rpwuM/dewu Of the total precursor samples with that of the 
main pulse. First, the median of FWHM of the precursor 
decreases with the increase of energy, while the median of 
'EwuM/ dewuy increases with the increase of energy, and the 
main burst is consistent with it. Second, the ratio of the rising 
width to the decaying width of the precursor is about 0.79, 
while that for the main burst is about 0.80; the width ratio of 
the two is almost equal, the precursors observed are asymmetric 
and the main burst is consistent with them. Third, the 
maximum value of rewum/drwum in the four energy channels 
of precursor and main burst does not exceed 1; the precursors 
correspond to 0.93, 0.90, 0.92, and 0.87, respectively, and the 
main burst is 0.93, 0.94, 0.95 and 1.0, respectively. 
Furthermore, the largest values of rgwuw/dpwuw for all the 
GRB pulse samples studied by РОб do not exceed 0.9, 
indicating that the results of our study are close to those of the 
GRB pulse. Moreover, this is in agreement with what was 
predicted previously in Qin et al. (2004), where it was 
suggested that there is an upper limit to rewum/drwum of 
approximately 1.3. It can be concluded from the above analysis 
that the complete sample of precursors and main bursts has 
roughly the same statistical characteristics as PO6 and Qin et al. 
(2004), which also indicate that precursors are indistinguish- 
able from main pulses. 

The value of rewum/dewum for the fourth energy band for 
the main burst of GRB 220305481 is equal to 1 (see Appendix 
Figure A16 for its fitting diagram). The shape of a pulse is 
usually asymmetric, but its value appears to be symmetric. 
From all the fitted light curves of the GRB 220305481 main 
burst in this energy channel, it can be seen that the fourth 
channel fit is not very good. However, the light curves fitted 
above the FWHM are still good and can accurately obtain the 
value of FWHM. However, we discover that its FWHM 18 
relatively narrower in comparison to other pulses. Also, Zhang 
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et al. (2007) described the phenomenon of wider pulses tending 
to be more asymmetric. Therefore, narrower pulses tend to be 
more symmetric. 

Based on the above analysis, from the distribution of width 
of the precursor and main burst, the distribution of the ratio of 
the rising width and the decaying width, the power-law 
relationship between the precursor width and the energy, and 
the distribution and relationship of two power-law indices, it 
shows that different detectors have little influence on energy 
channel, and they are very similar to the main burst. It suggests 
that the precursors and the main bursts are closely related and 
may have the same physical origin. 

There are many authors who analyze the spectral and 
temporal characteristics of precursors and main bursts to 
support the idea of the same origin. However, there is still 
much that does not support the precursor and main burst having 
the same origin, and much evidence is still needed. For 
example, Zhang et al. (2018) found a possible different origin 
between the main burst and the precursor by analyzing the 
time-resolved spectra of the GRB 160625B precursor and the 
main burst, and suggested that the precursor might be related to 
the initial iron core collapse. In the future, we will analyze the 
characteristics of precursors and main bursts from the 
perspective of the energy spectrum to further clarify whether 
they have the same origin. 
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Appendix 
The Light Curve Fitting Diagrams 


The fitting plots for each energy channel of precursors and 
main bursts’ light curves. 
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Figure А1. Shows the light curves of GRB 091208B precursor for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure A2. Shows the light curves of GRB 091208B main burst for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure АЗ. Shows the light curves of GRB 1307224 precursor for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure A4. Shows the light curves of GRB 130722A main burst for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure А5. Shows the light curves of GRB 180325A precursor for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure A6. Shows the light curves of GRB 180325A main burst for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure A7. Shows the light curves of GRB 200906A precursor for the first, second and third energy channels in turn (from top to bottom and from left to right). 
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Figure А8. Shows the light curves of GRB 200906A main burst for the first, second, and third energy channels in turn (from top to bottom and from left to right). 
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Figure A9. Shows the light curves of GRB 100116897 precursor for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A10. Shows the light curves of GRB 100116897 main burst for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A11. Shows the light curves of GRB 130815660 precursor for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A12. Shows the light curves of GRB 130815660 main burst for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A13. Shows the light curves of GRB 190310398 precursor for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A14. Shows the light curves of GRB 190310398 main burst for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A15. Shows the light curves of GRB 220305481 precursor for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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Figure A16. Shows the light curves of GRB 220305481 main burst for the first, second, third, and fourth energy channels in turn (from top to bottom and from left to right). 
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